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NOVELTY - A dye solution (1) comprises a laser-light sensitive organic dye 
(2), dissolved in an organic solvent (3) comprising a fluorinated cyclic 
alkane or alkene. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following ; 

(A) an optical information recording disc comprising a transparent 
substrate disc with a recording dye layer; and 

(B) preparation of the optical information recording disc which 
xnyolves forming a recording dye layer by coating (1) on the transparent 
substrate disc and drying (l) . 

USE - For the manufacture of a recording dye layer of an optical 
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information recording medium such as compact disc (CD) , digital video disc 
(DVD) , recordable compact disk (CD-R) and recordable digital video disk 
(DVD-R) 

ADVANTAGE - The dye solution can dissolve the dye at a relatively 
high level, which is essentially inert to the substrate material and which 
evaporates rapidly at an ambient temperature. 
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[0001] This invention relates to an optical information recording medium such as a compact disc (namely CD) a 
digitelvideo disc (namely, DVD), a recordable compact disc (namely, CD-R) or a recordable digital video disc (namely, 

BACKGROUND OF THE INVENTION 

[0002] An optical information recording medium on which information can be only once recorded by means of a 
laser beam (i.e., an optical disc of write-once type) is known as a recordable compact disc (CD-R), and at present is 
widely used in practice. The optical disc of CD-R type generally has a multi-layered structure typically comprising a disc- 
shaped transparent substrate (support), a recording layer comprising an laser light-sensitive organic dye (often referred 
to as recording dye layer"), a light-reflecting layer comprising a metal (hereinafter, often referred to as 'metallic light- 
reflecting layer-, or simply "reflecting layer"), and optionally a protective layer made of resin overlaid in order 
[0003] A demand for large recording capacity has recently increased, but an optical disc of CD-R type does not 
have sarjsfactorily large information-recording capacity. Therefore, an optical disc having satisfactorily large informa- 
tion-recording capacity has been studied and proposed. For example, a recordable DVD (i.e.. recordable digital video 
disc, DVD-R), .n which information can be recorded on and read out from by means of a laser beam having a shorter 
wavelength than that for CD-R, has been developed. The optical disc of DVD-R type is formed by laminating two com- 
posites having a layered structure. Each of the layered composites comprises a transparent disc substrate provided 
with a gu.de groove (i.e.. pre-groove) fortracking of the laser beam, a recording layer comprising an organic dye a light- 
reflectinglayer, and a protective layer arranged in order. The layered composites are combined with an adhesive so that 
he recording layers would be placed inside. Otherwise, the optical disc of DVD-R type is formed by combining a pro- 
tective disc plate and the layered composites comprising a substrate, a recording layer, a light-reflecting layer, and a 
protective layer arranged in order. * 
[0004] For writing (i.e., recording) and reading (i.e., reproducing) the information, a CD-R is irradiated with a laser 
beam having a wavelength in the range of 770 to 790 nm, typically approx. 780 nm, while a DVD-R is irradiated with a 
aser beam of visible wavelength region (generally having a wavelength of 600 to 700 nm, typically approx. 650 nm) Bv 
the irradiation of the laser beam, the irradiated area of the recording dye layer is locally heated to change its physical 
or chemical characteristics. Thus, pits are formed in the irradiated area of the recording layer. Since the optical charac- 
teristics of the formed pits are different from those of the surrounding area having been not irradiated, the digital infor- 
mation is recorded. The recorded information can be read by a reproducing procedure generally comprising the steps 
of irrad.at.ng the recording layer with a relatively weak laser beam having the same wavelength as that employed in the 
recording procedure, and detecting the light-reflection difference between the pits and their surrounding areas 
[0005] The recording dye layer of DVD-R or CD-R is generally formed by dissolving a laser light-sensitive dye in a 
solvent to prepare a dye solution and coating the dye solution on a transparent substrate disc having a pre-groove on 
ite surface by spin-coat procedure. In the spin^oat procedure, the dye solution is continuously dropped on the surface 
of the substrate under rotation. The dropped dye solution is centrrfugally spread out, and an excessive portion of the 
dye solution is splashed off from the edge of the substrate. The dye solution remaining on the substrate is dried by evap- 
oration of the solvent to form a thin recording dye layer on the substrate. ~ 

[0006] The solvent for the dye solution naturally should dissolve therein the laser light-sensitive dye at a relatively 
high solubility level, but essentially should not dissolve the material of the substrate. Most of the known solvents in 
which the dye is well soluble dissolve the surface of the substrate to damage the pre-groove. Most of the known solvents 
which are essentially inert to the substrate cannot dissolve the dye at a satisfactory level 

[0007] United States Patent No. 4,832.992 discloses that a fluorine-containing compound is favorably employed as 
the solvent for the preparation of the dye solution. The fluorine^ontaining compound has excellent properties as a sol- 
vent for the preparation of a dye solution. For example, most laser light-sensitive dyes are well soluble in the fluorine- 
containing compounds while a substrate made of polycarbonate is not damaged by the fluorine^ontaining compounds 
I he U.S. Patent further discloses a representative fluorinated alcohol, namely, 2,2,3,3-tetrafluoro-1-propanol 
[0008] Thus, the fluorinated alcohol is a favorable solvent for the preparation of a dye solution to be coated on a 
substrate dec made of pofycarbonate. However, our detailed study has revealed that it takes a relatively long time of 
period for evaporating the fluorinated alcohol from the dye solution coated on the substrate disc to produce a uniform 
thin recording dye layer. The requirement of such long time of period for drying the coated dye solution is disadvanta- 
geous for mass production of optical recording discs. 

[0009] Accordingly, the present inventors have made studies to find a group of new solvents which can dissolve the 
laser light-sensitive dye at a relatively high level, which is essentially inert to the substrate material, particularly, poly- 
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carbonate, and which evaporates rapidly at an ambient temperature. 

[0010] In the course of the studies, the inventors have tried to employ an organic solvent comprising a fluorinated 
cychc atone or aikene as a solvent for preparing a dye solution for the manufacture of a recording dye layer of an opti- 
cal information recording medium. 
s [0011] The fluorinated hydrocarbon such as fluorinated cyclic alkane or aikene is described for the use as a deter- 
gent in Japanese Patent Provisional Publication Nos. 10-316596, 10-316597 and 10-316598. These publications fur- 
ther describe that a 4- to 6-membered fluorinated cyclic alkane or aikene, particularly 1 1 22334- 
heptafluorocyclopentane is preferred. ' ...... 

10 SUMMARY OF THE INVFNTIOM , 

[001 2] Accordingly, it is the object of the present invention to provide a laser light-sensitive dye solution which can 
dissolve the dye at a relatively high level, which is essentially inert to the substrate material, particularly polycarbonate 
and which evaporates rapidly at an ambient temperature, 
/s [0013] It is another object of the invention to provide a process for the production of an optical information recording 
medium which is enable to produce the recording medium for a shortened drying period. 

[0014] The present invention resides in a process for the preparation of an optical information recording disc com- 
prising the steps of coating a dye solution on a transparent substrate disc and drying the coated dye solution in which 
the dye solution is a solution of a laser-light sensitive organic dye dissolved in an organic solvent comprising a fluori- 
20 nated cyclic alkane or aikene. 

[0015] The invention further resides in an optical information recording disc comprising a transparent substrate disc 
and a recording dye layer provided on the substrate disc, in which the recording dye layer is produced by the above- 
mentioned process. ' 
[0016] The invention furthermore resides in a dye solution which comprises a laser-light sensitive organic dye dis- 
solved in an organic solvent comprising a fluorinated cyclic alkane or aikene. 

[0017] In the dye solution of the invention, the fluorinated cyclic alkane or aikene preferably has fluorine atoms of a 
number of 0.5 to 2.0 times based on the number of carbon atoms constituting its skeleton. Most preferred is 
1,1,2,2,3,3,4-heptafluorocyclopentane, which is illustrated by the following formula (I). 
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[0018] The dye solution of the present invention is preferably prepared by the steps of mixing the organic dye and 
the solvent and keeping the resufting mixture at a temperature of higher than 45°C but lower than a boiling temperature 
of the solvent by at least 1 0°C for a period of 5 minutes to 2 hours. 

[0019] The solvent for the preparation of the dye solution of the invention may comprise the fluorinated cyclic alkane 
or aikene and one or more organic solvents or liquids. For instance, the solvent may comprise the fluorinated cyclic 
alkane or aikene and an organic liquid which has a boiling point higher than that of the fluorinated cyclic alkane or 
aikene, which is essentially inert to the substrate, and in which the dye is soluble, in a volume ratio of 99- 1 to 51 -49 The 
organic liquid preferably has a boiling point of lower than 250°C but higher than that of the fluorinated cyclic alkane or 
aikene by at least 1 0«C. Examples of the organic liquids include an aliphatic ketone, an aliphatic hydrocarbon an alicy- 
clic hydrocarbon, a carboxylic acid ester, an aliphatic ether, and an alcohol. Preferred organic liquids are a fluorinated 
alcohols having the formulas of CF 3 CH 2 OH, HCF 2 CF 2 CH 2 OH, H(CF 2 CF 2 ) 2 CH 2 OH, and H(CF 2 CF 2 ) 3 CH 2 OH. A ketoal- 
cohol (e.g., diacetone alcohol) is also preferred. 

[0020] The organic solvent may comprise the fluorinated cyclic alkane or aikene and an organic liquid which has a 
solubility for the dye higher than that of the fluorinated cyclic alkane or aikene and which is active to the substrate in a 
volume ratio of 99.9:0.1 to 80:20. Examples of the organic liquids include a halogenated aliphatic hydrocarbon an' aro- 
matic hydrocarbon, a ketone, a sulfoxide, an amide, a carboxylic acid ester, an ether, and a nitrile. Preferred organic 
liquid is a halogenated aliphatic hydrocarbon such as dichloromethane, dichloroethane, or tetrachloroethane Acetone 
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is also preferred. 

[0021] The solvent may comprise the fluorinated cyclic alkane or alkene and a fluorinated alcohol in a volume ratio 
o, 50:50 to 1 :S9. Preferred fiuorinated alcohol is 2,2,3,3-tetrafluoro-1 -propanol. 

5 DETAILED DESCRIPTION! OF THE INVENTION 

[0022] The optical information recording disc prepared by the process of the invention has a recording dye layer 
formed employing the specifically selected laser light-sensitive dye solution. The recording disc may be of CD-R type 
and DVD-R type. In the present specification, the process of the invention is explained with respect to an optical record- 
io ing disc of CD-R type as an example. 

[0023] A typical optical disc of CD-R type comprises a transparent disc substrate having provided thereon a record- 
ing dye layer, a light-reflecting metal layer, and a protective resin layer overiaid in order. The process for producing an 
optical information recording disc comprising a transparent substrate, a recording dye layer, a light-reflecting metal layer 
and a protective resin layer, as an example, is described below in order. ' ~ 

is [0024] The transparent substrate disc can be made of any of materials known as those for the producing the sub- 
strate of the known optical information recording disc. Examples of the materials include glass; polycarbonate- acrylic 
resins such as polymethyl methacrylate; vinyl chloride resins such as polyvinyl chloride and vinyl chloride copolymer 
epoxy resins; amorphous polyolefins and potyesters. These materials can be employed in combination, if desired The 
materials are molded to give a film or a rigid plate. Polycarbonate is most preferred from the viewpoints of anti-humidity 
20 dimensional stability, and production cost. 

[0025] The substrate disc may have an undercoating layer on its surface of the recording layer side so as to 
enhance surface smoothness and adhesion and to keep the recording dye layer from deterioration. Examines of the 
matenal for the undercoating layer include polymers such as polymethyl methacrylate, acrylate/methacrylate copoly- 
mer, styrene/maleic anhydride copolymer, polyvinyl alcohol, N-methylolacrylamide, styrene/vinyltoluene copolymer 
chlorosulfonated polyethylene, nitrocellulose, polyvinyl chloride, chlorinated polyolefin, polyester, polyimide vinyl ace- 
tateAnnyl chloride copolymer, ethylene/vinyl acetate copolymer, polyethylene, polypropylene and polycarbonate- and 
surface treating agents such as a silane-coupling agent. 

[0026] The undercoating layer can be formed by applying a coating solution (in which one or more of the above- 
menhoned materials are dissolved or dispersed) onto the surface of the substrate disc by the known coating methods 
such as spm^oat, dip-coat, and extrusion^oat. The undercoating layer generally has a thickness of 0.005 to 20 um 
preferably 0.01 to 1 0 pm. w ' 

[0027] On the surface of the substrate or on the undercoating layer, a pregroove for tracking or giving address sig- 
nals is formed. The pregroove is preferably formed directly on the surface of the substrate disc when the substrate disc 
is molded from polymer material by injection or extrusion. 

[0028] Alternatively, the pregroove can be provided on the surface of the substrate disc by placing a pregroove 
layer. The pregroove layer can be produced from a mixture of a monomer (such as monoester, diester, triester and 
tetraester) of acrylic acid (or its oligomer) and a photo-polymerization initiator. The pregroove layer can be produced by 
the steps of coating a precisely produced stamper with the mixture of the polymerization in itiator and the monomer such 
as the above-mentioned acrylic ester, placing a substrate disc on the formed layer, and irradiating the formed layer with 
ultra-violet rays through the stamper or the substrate disc so as to cure the layer as well as to combine the cured layer 
and the substrate disc. The substrate disc to which the cured layer is attached is separated from the stamper to give 
the desired substrate disc equipped with the pregroove layer. The thickness of the pregroove layer generally is in the 
range of 0.05 to 1 00 pm, preferably in the range of 0. 1 to 50 pm. 

[0029] The pregroove formed on the substrate disc preferably has a depth in the range of 0.01 to 0 3 um and a half- 
width of 0.2 to 0.9 pm. A depth of 0.1 5 to 0.2 um of the pregroove is preferably adopted because such pregroove can 
enhance the sensitivity without decreasing the light-reflection on the substrate. The optical disc having a recording dye 
layer formed on the deep pregroove arid a light-reflection layer shows a high sensitivity, and hence is employable even 
in a recording system using a laser beam of low power. This means that a semiconductor laser of low output power can 
be employed, and the life of semiconductor laser can be prolonged. 

[0030] On the substrate provided with the pregroove, the recording dye layer is placed. The dye employed for the 
recording layer is not particularly restricted. Examples of the dye include cyanine dyes, phthalocyanine dyes imidazo- 
quinoxalme dyes, pyryliunVthiopyrylium dyes, azulenium dyes, squarilium dyes, metal (e.g., Ni, Cr) complex dyes naph- 
thoquinone dyes, anthraquinone dyes, indophenol dyes, merocyanine dyes, oxonol dyes, naphthoaniline dyes 
tnphenylmethane dyes, triallylmethane dyes, aminium/diimmonium dyes and nitroso compounds. Preferred are cyanine 
dyes, phthalocyanine dyes, azo dyes, azulenium dyes, squarilium dyes, oxonol dyes and imidazoquinoxaline dyes Cya- 
nine dyes, azo dyes and oxonol dyes are particularly preferred. 

[0031] Preferably, the cyanine dyes are compounds represented by the following formula (II). The cyanine dyes of 
the formula (II) are described in Japanese Patent Provisional Publication Nos. 4-175188, 10-151861, and 11-58973- 
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ri^^H^H=^4i=L2^L3^-L^C^H=CH-^-N---R2 
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[0032] In the formula (II), each of Z 1 and Z 2 independently is an atomic group for forming a 5- or 6-membered nitro- 
gen-containing heterocyclic ring; each of R 1 and R 2 independently is an alkyi group; each of L 1 , L 2 , L 3 , L 4 and L 5 inde- 
pendently is a methine group which may have one or more substituents; each of n1 and n2 independently is 0 1 or 2' 
each of p and q independently is 0 or 1 , M1 is a charge-neutralizing counter ion; and ml is a number of 0 or more which 
corresponds to an electron charge for neutralizing the cyanine dye. 

[0033] Examples of the nitrogen atom^containing heterocyclic rings (nuclei) containing the atomic group employing 
Z or Z include 3,3-dialkylindolenine nucleus, 3,3-dialkylbenzoindolenine nucleus, thiazole nucleus, benzothiazole 
nucleus, naphthothiazole nucleus, thiazoline nucleus, oxazole nucleus, benzooxazole nucleus, naphthooxazole 
nucleus, oxazoline nucleus, selenazole nucleus, benzoselenazole nucleus, naphthoselenazole nucleus selenazoline 
nucleus, tellurazole nucleus, benzotellurazole nucleus, naphthotellurazole nucleus, tellurazoline nucleus imidazole 
nucleus, benzoimidazole nucleus, naphthoimidazole nucleus, pyridine nucleus, quinoline nucleus, isoquinoline nucleus 
imidazo[4,5-b]quinozaline nucleus, oxadiazole nucleus, thiadiazole nucleus, tetrazole nucleus, and pyrimidlne nucleus' 
The above heterocyclic rings may be condensed with a benzene ring or a naphthoquinone ring. 
[0034] Each of the nitrogen atom-containing heterocyclic rings may have one or more substituents. The substitu- 
ents may be composed of halogen, carbon, oxygen, nitrogen, sulfur, and hydrogen. Examples of the substituents (or 
substituent atoms) include a halogen atom, an alkyl group, an alkenyl group, an aryl group, an aralkyl group a hetero- 
cyclic group, a cyano group, a nitro group, a mercapto group, a hydroxyl group, an alkoxy group, an aryloxy'group an 
alkytthio group, an arylthio group, an acylthio group, an acyloxy group, an amino group, an alkylamino group, a carbon- 
amido group, a sulfonamido group, a sulfamoylamino group, an alkoxycarbonylamino group, an alkoxysulfonylanimo 
group, a ureido group, a thioureido group, an acyl group, an alkoxycarbonyl group, carbamoyl group, a sulfonyl group 
a sutfmyl group, a sulfamoyl group, a carboxyl group (and its salt), and a sulfo group (and its salt). These groups can 
further have one or more substituents. 

[0035] The alkyl group represented by R 1 or R 2 preferably has 1 -1 8 (more preferably 1 -8, further preferably 1 -6) 
carbon atoms and may be of a straight chain, a cyclic chain or a branched chain. The alkyl group of R 1 or R 2 mav have 
a substituent group. 

[0036] The above-mentioned substituents are further described below. 
[0037] The halogen atoms can be fluorine, chlorine, or bromine. 

[0038] The alkyl group preferably is a linear chain, branched chain, or cyclic alkyl having 1 to 1 8 carbon atoms (pref- 
erably 1 to 8 carbon atoms), such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl, 2-hydroxyethyl 4^carboxy- 
butyl, hexyl, or octyl. 7 

[0039] The alkenyl group preferably is linear chain, branched chain, or cyclic alkenyl having 2 to 1 8 carbon atoms 
(preferably 2 to 8 carbon atoms), such as vinyl, allyl, 1-propenyl, 2-pentenyl, 1 ,3-butadienyl, or 2-octenyl. 
[0040] The aryl group preferably has 6 to 1 0 carbon atoms, for instance, phenyl, naphthyl, 4^arboxyphenyl, 3-car- 
boxyphenyl, 3,5-dicarboxyphenyl, 4-methanesulfonamidophenyl, and 4-butanesulfonamidophenyl. 
[0041] The aralkyl group preferably has 7 to 1 0 carbon atoms, for instance, benzyl and phenethyl 
[0042] The heterocyclic group preferably is a 5- or 6-membered saturated or unsaturated heterocyclic group com- 
posed of carbon, nitrogen, oxygen, and/or sulfur, such as a ring of oxazole, benzoxazole, 5-carboxybenzoxazole thia- 
so zole, imidazole, pyridine, sulforane, furan, thiophene, pyrazole, pyrrole, cumarone, or cumarince. 

[0043] The alkoxy group preferably has 1 to 1 8 carbon atoms, more preferably 1 to 8 carbon atoms, for instance 
methoxy, ethoxy, propoxy, and butoxy. 

[0044] The aryloxy group preferably has 6 to 1 0 carbon atoms, for instance, phenoxy and p-methoxyphenoxy 
[0045] The alkytthio group preferably has 1 to 1 8 carbon atoms, more preferably 1 to 8 carbon atoms, for instance 
55 methylthio and ethylthio. 

[0046] The arylthio group preferably has 6 to 1 0 carbon atoms, for instance, phenyfthio. 

[0047] The acyloxy group preferably has 1 to 18 carbon atoms, more preferably 1 to 8 carbon atoms, for instance, 
acetoxy, propanoyloxy, pentanoyloxy, and octanoyloxy 
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[0048] The alkylamino group preferably has 1 to 18 carton atoms, more preferably 1 to 8 carbon atoms for 
instance, methylamino, dimethylamino, diethylamino, dibutylamino, and octylamino. 

[0049] The carbonamido group preferably has 1 to 18 carbon atoms, more preferably 1 to 8 carbon atoms for 
be^zam ^ ido Celam,d0, P^Opan0ylamido, P r °P an °y'a™no, pentanoylamino, octanoylamino, octanoylmethylamino, and 

[0050] The sulfonamide group preferably has 1 to 18 carbon atoms, more preferably 1 to 8 carbon atoms for 
instance, methanesulfonamido, ethanesulfonamido, propanesulfonamido, butanesulfonamido, and benzenesulfona- 
mido. 

[0051] The alkoxycarbonylamino preferably has 1 to 18 carbon atoms, more preferably 1 to 8 carbon atoms for 
1 instance, methoxycarbonylamino and ethoxycarbonylamino. 

[0052] The alkoxysulfonylamino preferably has 1 to 18 carbon atoms, more preferably 1 to 8 carbon atoms for 
instance, methoxysulfonylamino and ethoxysulfonylamino. 

[0053] The sulfamoylamino group preferably is sulfamoylamino or a sulfamoylamino having a substituent having 1 
to 1 8 carbon atoms, more preferably 1 to 8 carbon atoms, for instance, methylsulfamoylamino, dimethylsulfamoylamino 
ethylsulfamoylamino, propylsulfamoylamino, and octylsulfamoylamino. 

[0054] The ureido group may have a substituent of 1 to 1 8 carbon atoms, more preferably 1 to 8 carbon atoms for 
instance, ureido, methylureido, N,N-dimethylureido, and octylureido. 

[0055] The thioureido group may have a substituent of 1 to 1 8 carbon atoms, more preferably 1 to 8 carbon atoms 
for instance, thioureido, methylthioureido, N.N-dimethylthioureido, and octylthioureido 

[0056] The acyl group preferably has 1 to 18 carbon atoms, more preferably 1 to 8 carbon atoms, for instance 
acetyl, benzoyl, and propanoyl. 

[0057] The alkoxycarbonyl preferaWy has 2 to 1 8 carbon atoms, more preferably 2 to 8 carbon atoms for instance 
methoxycarbonyl, ethoxycarbonyl, and octyloxycarbonyl. 

[0058] The carbamoyl group may have a substituent of 1 to 18 carbon atoms, more preferably 1 to 8 carbon atoms 
for instance, carbamoyl, N.N-dimethytearbamoyl, and N-ethylcarbamoyl. 

[0059] The sulfonyl group preferably has 1 to 18 carbon atoms, more preferably 1 to 8 carbon atoms for instance 
methanesulfonyl, ethanesulfonyl, and benzenesulfonyl. 

[0060] The sulfinyl group preferably has 1 to 1 8 carbon atoms, more preferably 1 to 8 carbon atoms for instance 
methanesulfinyl, ethanesulfinyl, and octanesulfinyl. 

[0061] The sulfamoyl group may be sulfamoyl or a sulfamoyl having 1 to 1 8 carbon atoms, more preferably 1 to 8 
carbon atoms, for instance, sulfamoyl, dimethylsulfamoyl. ethylsulfamoyl, butylsulfamoyl. octylsulfamoyl, and phenylsul- 

[0062] Z 1 and Z 2 preferably is a 3,3-dialkylindolenine or3,3-dialkylbenzoindolenine nucleus which may have one or 
more substituents. More preferably, each of Z> and Z 2 is a 3,3-dialkylindolenine or 3,3-dialkylbenzoindolenine nucleus 
which may have one or more substituents. 

[ °^ 31 , Preferably ' each of R1 and r2 is an alk y' 9™P- Preferred alkyl group fe a linear chain, branched chain or 
cyclic alkyl having 1 to 1 8 carbon atoms, particularly 1 to 8 carbon atoms, which may have one or more substituents 
The substituents may be those mentioned for the nitrogen atom-containing heterocyclic group. Preferred alkyl qroups 
are unsubstituted alkyl groups, and alkyl groups having one or more substituents such as aryl, halogen hydroxy! 
alkoxy, acyloxy, carbonamido, sulfonamide, oxycarbonyl, carboxyl, and sulfo. Examples of the alkyl group include 
methyl, ethyl, propyl, butyl, isobutyl, 2-ethylhexyl. octyl, benzyl, 2-phenylethyl, 2-hydroxyethyl, 3-hydroxypropyl 2-car- 
boxyethyl, 3^rboxypropyl, 4-carboxybutyl, carboxymethyl, 2-methoxyethyl, 2-(2-methoxyethoxy)ethyl, 2-sulfoethyl 3- 
sulfopropyl, 3-sulfobutyl, 3-sulfobutyl, 2-(3-suffopropoxy)ethyl, 2-hydroxy-3-sulfopropyl, 3-sulfopropoxyethoxyethyl 2- 
acetoxyethyl, carboxymethoxymethyl, and 2-methanesulfonylaminoethyl. 

[0064] The methine groups represented by L 1 through L 5 may have the same or are different from each other and 
each has a substituent. The substituents may be those mentioned for the nitrogen atom-containing heterocyclic group 
The substituents may be combined to form a 5- to 7-membered ring, for instance, a ring of cyclopentene 1-dimethyl- 
aminocyclopentene, 1-diphenylaminodcyclopentene, cyclohexene, 1-chlorocyclohexene, isophorone, 1 -morpholinocy- 
clopentene, or cycloheptene. Otherwise, the substituent may be combined with an auxochrome to form a ring 
[0065] Each of n1 and n2 independently 0, 1 or 2, provided that n1+n2 is 3 or less. 

[0066] Ml is an electron-balancing counter ion, and may be a cation or an anion. Examples of the cations include 
alkali metal ions such as sodium ion, potassium ion, and lithium ion, and organic ions such as tetraalkylammonium ion 
and pyridimum ion. The anions may be an inorganic anion or an organic anion. Examples of the anions are as follows- 
halide anions (e.g., F, CI", Br, and I ), sulfonate ions (e.g., methanesulfonate ion, trifluoromethanesulfonate ion p-tol- 
uenesulfonate ion, p-chlorobenzenesulfonate ion. benzene-1 ,3-disulfonate ion, naphthalene-1 ,5-disulfonate ion and 
naphthalene-2,6-d.sulfonate ion), sulfate ion (e.g., methylsulfate ion), thiocyanate ion, perchlorate ion, tetrafluoroborate 
ion, picrate ion, acetate ion, metal complex ion having the following formula: 
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(R is a halogen atom or an alkyl group; M5 is cobalt, nickel, or copper, and u is an integer of 0 to 4), and phosphate ion 
(e.g., hexafluorophosphate ion). 

[0067] The anion preferably is monovalent or divalent. A divalent anion is most preferred, ml is a number of 0 or 
more preferably a number of 0 to 4, which is required for balancing the electric charge. If an intra-molecular salt is 
formed, ml is 0. 

[0068] The compound of the formula (II) may be present in the bis-form by combining two compounds at an option- 
ally chosen carbon site. " 

[0069] Representative examples of the preferred divalent anions include divalent sulfonate ions such as benzene- 
1,3-disutfonate ion, 3,3'-biphenyldisulfonate ion, naphthalene-1 ,5-disulfonate ion. naphthalene-1 ,6-disulfonate ion 
naphthalene-2,6-disulfonate ion, 1-methylnaphthalne-2,6-disuftonate ion, naphthalene-2,7-disulfonate ion, naphtha- 
lene-2.8-disulfonate ion, 2-naphthol-6,8-disulfonate ion, 1.8-dihydroxynaphthalene-3,6-disulfonate ion and 1 5-dihy- 
droxynaphthalene-2,6-disurfonate ions. Most preferred are naphthalene-1 ,5-disulfonate ion, naphthalene-1 6- 
disulfonate .on, naphthalene-2,6-disulfonate ion, 1-methylnaphthalne-2,6-disulfonate ion, naphthalene-2 7-disulfonate 
ion, and naphthalene-2,8-disulfonate ion. Particularly preferred is naphthalene-1 ,5-disulfonate ion 
[0070] The cyanine dyes of the formula (II) preferably have the following formula (11-1) or (II-2)- 
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1 L " ,he,ornlu,as < IM > and C'- 2 )- each of z3 and ^ independently is an atomic group for forming a benzene 
or naphthalene nng which may have one or more substituents; each of R 3 , R 4 , pp, pfi, and R 8 is independently an 
alkyl group having 1 to 8 carbon atoms; R is hydrogen, an alkyl group having 1 to 8 carbon atoms, an aralkyl group 
having 7 to 10 carbon atoms, an aryl group having 6 to 10 carbon atoms, an alkoxy group having 1 to 8 carbon atoms 
^heterocyclic ring, a halogen atom, or a carbamoyl group having 1 to 8 carbon atoms; M2 m2 - is an anion; and m2 is 1 

[0072] With respect to the formulas (11-1 ) and (I I-2), preferred combinations are described below 
[0073] Each of Z and Z 4 independently is an atomic group for forming a benzene or naphthalene ring having no 
substituent or a benzene ring having one or two substituents. Examples of the substituents include an alkoxy having 1 
to 3 carbon atoms, a halogen atom, an alkoxy group having 1 to 3 carbon atoms, a sulfonamido group, and alkoxy 
group. If the benzene ring has two adjoining substituents. the adjoining substituents may be combined to form a rina 
(e.g., 1,3-dioxorane ring). M 
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[0074] Each of R 3 , R 4 is an alkyl group having 1 to 6 carbon atoms, which may have a fluorine or alkoxy substituent. 

[0075] Each of R 5 , R G , R 7 and R 8 independently is an alkyl group having 1 to 6 carbon atoms which has no substit- 
uent. 

[0076] R 9 is hydrogen, an alkyl group having 1 to 6 carbon atoms, phenyl, benzyl, pyridyl, pyrimidyl, benzoxazole 
5 or halogen. 

[0077] M2 is a divalent sulfonate ion, a perchlorate ion, a hexafluorophosphate ion, or a metal complex ion having 
the following formula: 



w 



15 




(5% i 



20 



(R is a halogen atom or an alkyl group; M5 is cobalt, nickel, or copper, and u is an integer of 0 to 4). 
[0078] With respect to the formulas (11-1 ) and (I I-2), most preferred combinations are described below. 
[0079] Each of 2 and Z 4 independently is an atomic group for forming a benzene or naphthalene ring having no 
substituent or a benzene ring having one or two substituents. Examples of the substituents are methyl chlorine fluo- 
rine, methoxy, ethoxy, sulfonamido, and ethoxycarbonyl. If the benzene ring has two adjoining substituents, the adjoin- 
ing substituents may be combined to form a ring (e.g., 1 ,3-dioxorane ring). 

[0080] Each of R 3 , R 4 is an alkyl group having 1 to 6 carbon atoms, which have no substituent Preferred is methyl 
ethyl, propyl, isopropyl, or butyl. Each of R 5 , R 6 , R 7 and R 8 independent is methyl or ethyl. R 9 is hydrogen, methyl' 
ethyl, chlorine, or bromine. 

[0081] M2 is a divalent sulfonate ion, a perchlorate ion, a hexafluorophosphate ion, or a metal complex ion havinq 
the aforementioned formula. 

[0082] The cyanine dye of the aforementioned formula (11-1) preferably has one of the following formulas (11-1 -A II- 
1 -B, 11-1 -C), and the formula (il-1 -B) is preferred: 
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[0083] The cyanine dye of the aforementioned formula (11-2) preferably has one of the following formulas (II-2-A II- 
2-B, II-2-C), and the formula (II-2-B) is preferred: 
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of S 4 i - " *° ^ f n ( ' M A) ' (M ' VBX (,M ^ (H *# (M - 2 - B) ' and ("- 2 - C )' R1 ° has sa ™ meaning as that 
ofR orR«1brthe*Kmu^ R 7 orR 8 fortne 

formula (11-1) or (II-2). has the same meaning as that of R 9 for the formula (11-1) or (M-2). R 14 is hydrogen methyl 
cnlonne, fluorine, methoxy, ethoxy, sulfonamide, or ethoxycarbonyl. Each of M3 and m3 has the same meaning as that 
of M2 and m2, respectively, for the formula (11-1) or (II-2). 
[0085] Preferred cyanine dyes having the formula (II) are described below: 
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25 [0086] The azo dyes are preferably represented by the following formula (III): 

Z 12 



30 



35 




z i2_y 



(in) 



[0087] In the formula (III), Mis a metal atom; X is an oxygen atom, a sulfur atom, or =NR 1 ' in which R 1 1 represents 
hydrogen an alky! group, an aryl group, an acyl group, an alkylsulfonyl group or an axylsulfonyl group Z" isTJomS 

aromatt " *■ and an atom' graup fo fom^g an 

aromatic nng or a heterocyclic aromafc ring. Each ring may has one or more substituents 
[O088J The azo dyes of the formula (III) preferably have the following formula (MM): 
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15 




(III-l) 



20 



30 



[0089] In the formula (111-1) M is iron, cobalt, nickel, copper, zinc, palladium, platinum or gold; Y is oxygen atom 
sulfur atom or=NR>*; each of R« r« and R« independently is an alky, group having 1 to 12 cLon atomsTch mS 
have one or more subsutuents; R« and R i« may be combined to form a ring; R« is an alky, group having 1 to 12 caZ 
atoms which may have one or more substrtuents, a phenyl group having 6 to 1 6 carbon atoms which may have one or 
more substrtuents, or naphthy. group; each of R« and Ri ' Independent* is hydrogen, a halogen atom, an Z group 
an aryl group, cyano. an acyl group, an alkylsulfonyl group, or an arylsulfonyl group; and each of R< 8 R 19 and R 20 inde- 
pendently is hydrogen, an alkyl group, an aryl group, hydroxy!, an alkoxy group, an aryloxy group, amino a carooxylic 
group 6 9r ° UP ' 3 SUlfo " amide group ' Cyano ' a hal °9 en atom ' an acvl 9roup, an alkylsulfonyl group, or an arylsulfonyl 
[0090] The azo dyes of the formula (111-1) preferably have the following formula (III-2): 



35 



R22 N ^ 




R24 
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>l' y ^R27 
R23 R28 



R2S 



R21 N ^j >; - N ' X ^Y' 
R29 - J NR22 



(HI-2) 



55 



[00911 In the formula (111-2), M preferably is iron, cobalt, or nickel. Nickel is most preferred. 
[0092] R preferably is an alkylsulfonyl group having 1 to 4 carbon atoms or an arylsulfonyl group having 6 to 1 0 
carbon atoms, which may have one or more substituents. Particularly preferred are an alkylsulfonyl group having 1 to 4 
carbon atoms whrch has no substituent or has a fluorine atom substituent (e.g., methylsulfonyl or trifluoromethylsulfo- 
nyl) and an arylsulfonyl group having 6 to 10 carbon atoms, which has no substituent (e.g., phenylsulfonyl) 
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[0093] Each of R 22 R 23 and R 24 preferably is an alkyl group having 1 to 4 carbon atoms which may have one or 
more substituents. Preferred substituents are halogen, hydroxyl, cyano, alkoxy, alkyfthio, aryithio, acyl, alkylsulfonyl 
and arylsuffony!. More preferably, each of R 22 , R 23 and R 24 independently is an alkyl group having 1 to 4 carbon atoms 
which has no substituent. It is also preferred that R 23 and R 24 are combined to form a ring (e.g., pyrrolidine or morpho- 
line). 

[0094] Each of R 25 and R 26 preferably is cyano, acyl, alkylsulfonyl, or arylsulfonyl. Most preferred is cyano for each 
of R" and R . 

[0095] Each of R 27 , R 28 and R 29 preferably is hydrogen, alkyl, aryl, hydroxyl, alkoxy, aryloxy, amino, carbonamio or 

sulfonamido. Most preferred is hydrogen for each of R 27 , R 28 and R 29 . 

[0096] Representative examples of the azo dyes of the formula (III) are described below. 
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[0097] The oxonol dyes are preferably compounds represented by the following formula (IV-1 ) or (IV-2) The oxonol 
.yes of the formulas (IV-1) and (iV-2) are described in Japanese Patent Provisional Publication Nos 10-297103 10- 
309871, and 10-309872. ' 



A 21 / 

V^ 21 - L2 % L23 > 4 =L25l A22 



© u 

X22-^^b22 



Vk+ 



(IV-1) 



Y 21 (E) x "4^1 



X21 



0 

X22 



(G)y 221 



(IV-2) 



W , ^ formulas < IV1 > ana ( |V 2 )- ea <* °f A«. A 22 , B 2 ' and B 22 independent^ is a substituent group; each 
ot Y and Z independently is an atomic group for forming a carbocyclic or heterocyclic ring; each of E and G inde- 
pendently is an atomic group for forming a conjugated double bond chain; X 21 is =0 =NR 21 or =C(CNV X 22 is -O 
NR or -C(CN) 2 [in which R 2 ' is a substituent group]; each of L 21 , L 22 , L 23 , L 24 and L 25 independently is a methine 
group which may be substituted; V k + is a cation; each of n3 and n4 independently is 0, 1 or 2; each of x and y independ- 
ently is 0 or 1 ; and k is an integer of 1 to 1 0. 

[0099] Examples of the substituents groups represented by A 21 , A 22 , B 21 and B 22 include a linear (or straight) 
chain, branched chain, or cyclic alkyl group having 1 to 1 8 carbon atoms, particularly 1 to 8 carbon atoms which may 
have one or more substttuents; an alkenyl group having 2 to 18 carbon atoms, particularly 2 to 8 carbon atom- an aryl 
group having 6 to 18 carbon atoms, particularly 6 to 10 carbon atoms, which may have one or more substituents- an 
aralkyl group having 7 to 1 8 carbon atoms, particularly 7 to 12 carbon atoms, which may have one or more substituents- 
an acyl group having 2 to 18 carbon atoms, particularly 2 to 8 carbon atoms, which may have one or more substituent^ 
an alkyl- or arylsulfonyl group having 1 to 18 carbon atoms, particularly 1 to 8 carbon atoms, which may have one or 
more substituents; an alkylsulfinyl group having 1 to 18 carbon atoms, particularly 1 to 8 carbon atoms, an alkoxycarb- 
onyl group having 2 to 1 8 carbon atoms, particularly 2 to 8 carbon atoms, an aryloxycarbonyl having 7 to 1 8 carbon 
atoms, particularly 7to 12carbon atoms, an alkoxy group having 1 to 18carbon atoms, particularly 1 to 8 carbon atoms 
which may have one or more substituents; an axyloxy group having 6 to 18 carbon atoms, particularly 6 to 10 carbon 
atoms, which may have one or more substituents; an alkylthio group having 1 to 18 carbon atoms, particularly 1 to 8 
carbon atoms, an axylthio group having 6 to 18 carbon atoms, particularly 6 to 10 carbon atoms; an acyloxy group hav- 
ing 2 to 18 carbon atoms, particularly 2 to 8 carbon atoms, which may have one or more substituents- a sulfonyloxy 
group having 1 to 1 8 carbon atoms, particularly 1 to 8 carbon atoms, which may have one or more substituents- a car- 
bamoyloxy group having 1 to 18 carbon atoms, particularly 1 to 8 carbon atoms, which may have one or more substit- 
uents; an unsubstituted amino group; an amino group having a substituent which has 1 to 1 8 carbon atoms particularly 
1 to 8 carbon atoms; an unsubstituted carbamoyl group; a carbamoyl group having a substituent which has 1 to 18 car- 
bon atoms, particularly 1 to 8 carbon atoms; an unsubstituted sulfamoyl group; a sulfamoyl group having a substituent 
which has 1 to 18 carbon atoms, particularly 1 to 8 carbon atoms; a halogen atom, and a heterocyclic group These sub- 
stituents may have one or more substituents. 

[0100] Each of [C(=L 21 )-(E) X -C(=X 21 )-] (referred to as W1) combined with Y 21 and [-C(=L 25 )-(G) -C(-X 22 )-l 
(referred to as W2) combined with Z 21 is under conjugated condition. Therefore, a carbon ring or a heterocyclic ring 
formed by Y and W1 as well as Z 21 and W2 is in a resonance structure. The carbon ring or heterocyclic ring preferably 
is one of 4- to 7-membered nngs, preferably 5- to 6-membered rings. These rings may be fused with other 4- to 7-mem- 
bered rings to form a condensed ring. These rings may have one or more substttuents such as those hereinbefore 
described for A , A , B 21 and B 22 . 



33 



EP 1 056 078 A1 



[0101] It is preferred that each of x and y is 0. It is also preferred that X 21 is =0 and X 22 is -O. 
[0102] The oxonol dyes are preferably represented by the following formula (IV-2-A): 



0 © o 

R 51 V-O f 

R 52 o-^ y-o \ 



O R53 

t 

R54 



(IV- 2 -A) 



[0103 In the formula, each of R , R , R and R independently is hydrogen, an alkyl group, an aryl group, an 
aralkyl group, or heterocyclic group. These group may have one or more substituents. Each of L 31 L 32 and L 33 inde- 
pendently is a methine group which may have a substituent. n5 is 0, 1 , 2. or 3. If n5 is 2 or 3, each of the plural L 32 and 
L may be the same or different. V k + is a cation, k is an integer of 1 to 1 0. 
[0104] The anionic component (namely, anion part) is described below. 

[0105] The alkyl group for R 51 , R 52 , R 53 and R 54 preferably is an alkyl group having 1 to 20 carbon atoms which 
c^dohex^l ° f m ° re SUbSti,Uen1s • SUCh aS methyl ' P" 5 ^. butyl, isobutyl, t-butyl, isoamyl. cyclopropyl, or 

[0106] Examples of the above-mentioned substituents include an alkyl group having 1 to 20 carbon atoms (e g 
methyl, ethyl, propyl, carboxymethyl, or ethoxycarbonyl); an aralkyl group having 7 to 20 carbon atoms (e g benzyl or 
phenethyl); an alkoxy group having 1 to 8 carbon atoms (e.g., methoxy or ethoxy); an aryl group having 6 to 20 cartoon 
atoms (e.g., phenyl or naphthyl); an aryloxy group having 6 to 20 carbon atoms (e.g.. phenoxy or naphthoxy)- a hetero- 
cyclic group (e.g., pyridyl, pyrimidyf, pyridazyl, benzoimidazolyl, benzothiazolyl, benzoxazolyl, 2-pyrrolidin-l -yi 2-piperi- 
don-1-yl, 2,4-dioxyimidazolidin-3-yl, 2,4-dioxyoxazolidin-3-yl, succinimido, phthalimido, or maleimido); a halogen atom 

e.g., fluonne, chlorine, bromine, or iodine); a carboxyl group; an alkoxycaroonyl group having 2 to 10 carbon atoms 
(e.g., methoxycarbonyl or ethoxycarbonyl); a cyano group; an acyl group having 2 to 1 0 carbon atoms (e g acetyl or 
prvaloy I); a carbamoyl group having 1 to 10 carbon atoms (e.g., carbamoyl, methyl carbamoyl, or morpholinocar- 
bamoyl); an amino group; an amino group having a substituent which has 1 to 20 carbon atoms (e g dimethylamino 
drethylamino, bis(methylsurfonylethyl)amino, or N-ethyl-N'-sulfoethylamino); a surfo group; a hydroxyl group- a nitro 
group; a sulfonamide group having 1 to 1 0 carbon atoms (e.g., methanesuifonamido); a ureido group having 1 to 1 0 car- 
bon atoms (e.g., ure.do or methylureido); a sulfonyl group having 1 to 10 carbon atoms (e.g., methanesulfonyl or 
ethanesurfonyl); a sulfinyl group having 1 to 10 carbon atoms (e.g., methanesuKinyl); and a sulfamoyl group having 0 to 
1 0 carbon atoms (e.g., sutfamoyl or methanesurfamoyl). The carboxyl group and sulfo group may be in the form of a salt 

[ ... J^ 6 afyl 9r0UP <0r " ' R ' R and R 080 be an 9 rou P havi "9 6 10 20 atoms (e.g., phenyl or 

naphthyl). The aryl group may have one or more substituents such as those described above 

[0108] The aralkyl group for R 51 , R 52 , R 53 and R 54 can be an aralkyl group having 7 to 20 carbon atoms (e.g ben- 
zyl or phenethyl). The aralkyl group may have one or more substituents such as those described above 
[0109] The heterocyclic group for R 51 , R 52 , R 53 and R» can be a 5- or 6-membered saturated or unsaturated het- 
erocyclic group which comprises one or more of carbon atoms, nitrogen atoms, oxygen atoms, and/or sulfur atoms 
Examples include pyridyl, pyrimidyl, pyridazyl, piperidyl, triazyl, pyrrolyl, imidzolyl, triazolyl. furanyl, thiophenyl, thiazolyl 
oxazoyi, K othiazolyl, and feoxazolyl. These heterocyclic group may be fused with a benzene ring to form a condensed 
ring, such as, quinolyl, benzoimidazolyl, benzothiazolyl, or benzoxazolyl. The heterocyclic group may have one or more 
substituents such as those described above. 

[0110] Each of R 51 , R 52 , R 53 and R 54 preferably is an alkyl group having 1 to 8 carbon atoms, an aryl group having 
6 to 10 carbon atoms, an aralkyl group having 7 to 10 carbon atoms, or a heterocyclic group having 6 to 10 carbon 
atoms. 

[0111] If each Of R5\ R52 R53 and R 54 js an a|ky| group R 51 an(J r52 Qr r53 an(J R 54 caf) bfi com5jned t(J form a 

carbon ring (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 2-methylcyclohexyl, cycloheptyl, orcycloctyl) or a het- 
erocyclic ring (e.g.. piperidyl, curomanyl, or morpholyl). R 51 and R 52 or R 53 and R 54 are preferably combined to form a 
carbon ring having 3 to 1 0 carbon atoms or a heterocyclic group having 2 to 1 0 carbon atoms. 
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[0112] Each of L , L 32 and L 33 independently is a substituted or unsubstituted methine group Examples of the 
substituents can be those described hereinbefore. Each of L 3 \ L 32 and L 33 preferably is an unsubstituted methine 
group, or a methine group having a substltuent such as an alkyi group having i to 5 carbon atoms, an aralkyl group hav- 1 
mg 7 to 1 0 carbon atoms, an aryl group having 6 to 1 0 carbon atoms, a saturated or unsaturated heterocyclic group or 
a halogen atom. n5 preferably is 1 , 2 or 3. 

[0113] Preferred anion parts of the oxonol dyes having the formula (IV-1) or (IV-2), particularly (IV-2-A) are illus- 
trated below. 
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[01 1 4] The cationic component (namely, cation part) is described below. 

[0115] Examples of the cation parts represented by V k+ include hydrogen ion, metal ions such as sodium ion 
potassium ton, Irth.um ion, calcium ion, iron ion, and copper ion, ammonium ions, pyridinium ion, oxonium ions, sulfo- 
nium ions, phosphonium ions selenonium ion, and iodonium ion. ^preferably is not a cyanine ion. Preferred is a qua- 
ternary ammonium ion. 

[0116] The quaternary ammonium ion can be prepared by alkylation (Menshutkin reaction), alkenylation alkynyla- 
tion or arylatron of a tertiary amine (e.g., trimethylamine, triethylamine, tributylamine, triethanolamine, N-methylpyrroli- 
dine, N-methylpipendine, N.N-dimethylpiperazine, triethylenediamine, or N.N.N'.N'-tetramethylethylenediamine) or a 
compound having a nitrogen atom-containing heterocyclic ring such as a pyridine, picoline, 2,2'-bipyridyl, 4,4--bipyridyl 
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1,10-phenanthroline, quinoline, oxazole, thiazole, N-methylimidazole, pyrazine, or tetrazole). 

[0117] The quaternary ammonium ion preferably has a nrtrogen^containing heterocyclic group. Most preferred is a 
quaternary pyridinium ion. 

[0118] k is an integer of 1 to 10, preferably 1 to 4. Most preferred is 2. 

[0119] The quaternary ammonium ion preferably has the below-mentioned formula (V-1). This compound can be 
easily prepared by the Menshutkin reaction (see, for instance, Japanese Patent Provisional Publication No. 61 -1 481 62) 
or arylation (see, for instance, Japanese Patent Provisional Publications No. 51-16675 and No. 1-96171) of 2 2'-bipyri- 
dy| or 4,4'bipyridyl with a halide having the desired substituent. 

(R*>) r (R61) s 

(v-i; 



[0120] In the formula (V-1), each of R 60 and R 61 independently is a substituent, and each of R 62 and R 63 is alkyl 
alkenyl, alkynyl, aralkyl, aryl, or a heterocyclic group. Each combination of R 60 and R 6 \ R 60 and R 62 and R 61 and R 63 
may be combined with each other to form a ring. Each of r and s independently is an integer of 0 to 4 If any of r and s 
is 2 or more, plural numbers of R 60 and R 61 may be the same or different. 

[0121] The alkyl group for R 62 and R 63 preferably is a straight chain, branched chain, or cyclic alkyl group having 1 
to 18 carbon atoms, more preferably 1 to 8 carbon atoms, which may have one or more substituents. Examples are 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, neopentyl, n-hexyl, cyclopropyl, cyclohexyl, or adamantyl 
[0122] Examples of the substituents for the alkyl group are as follows (the following group may have one or more 
substituent groups including an alkenyl group having 2 to 1 8 carbon atoms, preferably 2 to 8 carbon atoms (e g vinyl)- 
an alkynyl group having 2 to 1 8 carbon atoms, preferably 2 to 8 carbon atoms (e.g., ethynyl); an aryl group having 6 to 
1 0 carbon atoms (e.g., phenyl and naphthyl); a halogen atom (e.g., F, CI, or Br); an alkoxy group having 1 to 1 8 carbon 
atoms, preferably 1 to 8 carbon atoms (e.g., methoxy or ethoxy); an aryloxy group having 6 to 1 0 carbon atoms (e g 
phenoxy or p-methoxyphenoxy); an alkylthio group having 1 to 18 carbon atoms, preferably 1 to 8 carbon atoms (e g ' 
methylthio or ethyfthio); an arylthio group having 6 to 10 carbon atoms (e.g. phenylthio); an acyl group having 2 to 18 
carbon atoms, preferably 2 to 8 carbon atoms (e.g., acetyl or propionyl); an alkylsulfonyl group having 1 to 18 carbon 
atoms, preferably 1 to 8 carbon atoms (e.g., methanesulfonyl or p-toluenesulfonyl); an acyloxy group having 2 to 1 8 car- 
bon atoms, preferably 2 to 8 carbon atoms (e.g., acetoxy or propionyloxy); an alkoxycarbonyl having 2 to 18 carbon 
atoms, preferably 2 to 8 carbon atoms (e.g., methoxycarbonyl or ethoxycarbonyl); an arylcaitonyl group having 7 to 1 1 
carbon atoms (e.g., naphthoxycarbonyl); an amino group; a substituted amino group (e.g., methylamino dimethyl- 
ammo, diethylamino, anilino, methoxyphenylamino, chlorophenylamino, pyridylamino, methoxycarbonylamino n-butox- 
ycarbonylamino, phenoxycarbonylamino, methylcarbamoylamino, ethyrthiocarbamoylamino, phenylcarbamoylamino 
acetylamino, ethylcarbonylamino, ethylthiocarbamoylamino, cyclohexylcarbonylamino, benzoylamino chloro- 
acetylamino, or methyls ulfonylamino); a carbamoyl group having 1 to 18 carbon atoms, preferably 1 to 8 carbon atoms 
(e.g., unsubstituted carbamoyl, methylcarbamoyl, ethylcarbamoyl, n-butylcarbamoyl, t-butylcarbamoyl, dimethylcar- 
bamoyl, morpholinocarbamoyl, or pyrrolidinocarbamoyl); unsubstituted sulfamoyl group; a substituted carbamoyl group 
having 1 to 1 8 carbon atoms, preferably 1 to 8 carbon atoms (e.g., methylsulfamoyl, or phenylsulfamoyl); a cyano group- 
a nrtoro group; a carboxy group, a hydroxyl group; a heterocyclic group (e.g., oxazole ring, benzoxazole ring, thiazoi 
ring, benzothiazol ring, imidazole ring, benzoimidazole ring, indolenine ring, pyridine ring, piperidine ring, pyrrolidine 
ring, morpholine ring, sulforane ring, furan ring, thiophene ring, pyrazole ring, pyrrole ring, cumarone ring, orcumarin 
ring. 

[0123] The alkenyl group for R 62 and R 63 preferably is an alkenyl group having 2 to 18 carbon atoms, preferably 2 
to 8 carbon atoms, which may have one or more substituents, such as vinyl, ally!, 1-propenyl, or 1 ,3-butandienyl The 
substituents for the alkenyl group can be the same as those described hereinbefore for the alkyl group 
[0124] The alkynyl group for R 62 and R 63 preferably is an alkynyl group having 2 to 18 carbon atoms, preferably 2 
to 8 carbon atoms, which may have one or more substituents, such as ethynyl or 2-propynyl. The substituents for the 
alkynyl group can be the same as those described hereinbefore for the alkyl group. 

[0125] The aralkyl group for R 62 and R 63 preferably is an aralkyl group having 7 to 18 carbon atoms, which may 
have one or more substituents, such as benzyl or methylbenzyl. 
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[0126] The aryl group for R 62 and R 63 preferably is an aryl group having 6 to 1 8 carbon atoms, which may have one 
or more substituents, such as phenyl or naphthyl. The substrtuents for the aryl group can be the same as those 
described hereinbefore for the alkyl group. Otherwise, the substituent may be an alkyJ group such as methyl or ethyl. 
[0127] The heterocyclic group for R 62 and R 63 preferably has a 5- or 6-rnembered saturated or unsaturated hetero- 
cyclic ring comprising carbon, nitrogen, oxygen and/or sulfur atom(s), such as oxazole ring, benzoxazole ring thiazol 
ring, benzothiazol ring, imidazole ring, benzoimidazole ring, indolenine ring, pyridine ring, piperidine ring pyrrolidine 
ring, morphol.ne ring, sulforane ring, furan ring, thiophene ring, pyrazole ring, pyrrole ring, cumarone ring,' or cumarin 
ring. The heterocyclic ring may have one or more substituents. The substituents for the heterocyclic ring group can be 
the same as those described hereinbefore for the alkyl group. 

[0128] The substituents for R 60 and R 61 can be the same as those described hereinbefore for the alkyl group Oth- 
erwise, the substituent can be an alkyl group such as methyl or ethyl. The substituent for R 60 and R 61 preferably is 
hydrogen or an alkyl group. Hydrogen is most preferred. 

[0129] The quaternary ammonium ion preferably has the following formula (V-1-A) or (V-1 -B): 




(V-l-A) 



[0130] In the formula, R and R 65 can be the same as the substituents described for R 60 and R 61 of the formula 
(V-t ). R and R can be the same as the substituents described for R 62 and R 63 of the formula (V-1 ) Each of r and s 
is an integer of 0 to 4. If r or s is 2 or more, plural numbers of R 64 or R 65 can be the same or differenf 



(R 6 *) r {R69) 5 




®V_/© 



(V-l-B) 



40 



45 



f 131 ' ,n the ^ ormul ^ R and R can be the same as the substituents described for R 60 and R 61 of the formula 
(V-1 ). R and R preferably are combined with each other to form a carbon ring or a heterocyclic ring particularly a 
condensed ring in combination with the pyridine rings to which R 68 and R 69 are attached. Each of r and s is an inteqer 
of 0 to 4. If r or s is 2 or more, plural numbers of R 68 or R 69 can be the same or different. 

[0132] Representative examples of the cation parts of the oxonol dyes having the formula (I V-1 ) or ( IV-2) includina 
the formula (IV-2-A) are illustrated below: y 
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[0133] Representative examples of the oxonol dyes having the formula (IV-1 ) or (IV-2), including the formula (IV-2- 
A) are illustrated in the following Tables 1(1) and 1(2), in which the dye compound (identified by the dye number) is 
expressed by the combination of an anion part (A- ) and a cation part (B- ). For instance, the dye compound of the dye 
number 1 which is formed of the anion part of A-4 and the cation part of B-21 has the following formula: 
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Table 1(1) 



Dye No. 


Anion 


Cation 


Dye No. 


Anion 


Cation 


1 


A-4 


B-21 


2 


A-4 


B-77 


3 


A-4 


B-1 23 


4 


A-5 


B-21 


5 


A-5 


B-78 


6 


A-6 


B-22 


7 


A-7 


B-22 


8 


A-10 


B-78 


9 


A-10 


B-117 


10 


A-5 


B-123 


11 


A-11 


B-85 


12 


A-14 


B-21 


13 


A-14 


B-77 


14 


A-14 


B-1 13 


15 


A-15 


B-1 


16 


A-15 


B-1 48 


17 


A-15 


B-168 


18 


A-21 


B-1 5 


19 


A-21 


B-1 03 


20 


A-23 


B-74 
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Table 1(1) (continued) 



Dye No. 


Anion 


Cation 


Dye No. 


Anion 


Cation 


21 


A-24 


B-78 


22 


A-25 


B-78 


23 


A-28 


B-78 


24 


A-33 


B-30 


25 


A-33 


B-51 


26 


A-34 


R-7ft 


27 


A-36 


B-21 


28 


A-36 




29 


A-36 


B-87 


30 


A-37 




31 


A-37 


B-41 


32 


A-37 


R-7P 


33 


A-37 


B-113 


34 


r\ O/ 


R-1 1 7 


35 


A-38 


B-117 


36 


A-^ft 
n OO 


R-1 QQ 
D- loo 


37 


A-38 


B-85 


38 




R Ol 


39 


A-39 


B-33 


40 




D DO 


41 


A-39 


B-78 


42 




R QK 
D OO 


43 


A-39 


B-117 


44 


A-39 


B-123 


45 


A-39 


B-168 


46 


A-40 


B-21 


47 


A-40 


B-55 


48 


A-40 


B-78 


49 


A-40 


B-85 


50 


A-40 


B-89 


51 


A-40 


B-113 


52 


A-40 


B-117 


53 


A-40 


B-168 


54 


A-41 


B-21 


55 


A-44 


B-33 


56 


A-44 


B-50 



Table 1(2) 



Dye No. 


Anion 


Cation 


Dye No. 


Anion 


Cation 


57 


A-44 


B-78 


58 


A-44 


B-94 


59 


A-44 


B-98 


60 


A-44 


B-117 


61 


A-44 


B-132 


62 


A-45 


B-21 


63 


A-45 


B-53 


64 


A-48 


B 24 


65 


A-48 


B-33 


66 


A-48 


B-55 


67 


A-48 


B-84 


68 


A-48 


B-110 


69 


A-48 


B-117 


70 


A-49 


B-78 


71 


A-49 


B-94 


j 72 


A-49 


B-115 


73 


A-49 


B-117 


74 


A-50 


B-78 


75 


A-55 


B-18 


76 


A-55 


B-82 


77 


A-55 


B-114 


78 


A-57 


B-78 


79 


A-58 


B-78 


80 


A-60 


B-33 


81 


A-60 


B-78 


82 


A-60 


B-117 


83 


A-61 


B-17 


84 


A-61 


B-79 


85 


A-64 


B-27 


86 


A-64 


B-77 
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Table 1(2) (continued) 



Dye No. 


Anion 


Cation 


Dye No. 


Anion 


Cation 


87 


A-69 


B-78 


88 


A-69 


R-1 1 7 


89 


A-70 


B-26 


90 


A-70 


B-76 


91 


A-72 


B-77 


92 


A-73 


B-77 


93 


A-73 


B-94 


94 


A-74 


B-24 


I 95 


A-74 


B-78 


96 


A-82 


B-78 


97 


A-93 


B-21 


98 


A-93 


B-78 


99 


A-94 


B-78 


100 


A-96 


B-78 


101 


A-5 


B-24 









[0134] The oxonol dyes of the formula (IV-1 ) or (I V-2) can be prepared by the preparation process described in Jap- 
anese Patent Provisional Publication 1 0-2971 03. 

[0135] According to the present invention, the dye is dissolved in a solvent comprising a fluorinated cyclic alkane or 
alkene, so as to form a dye solution for the preparation of the recording dye layer. 

[0136] The fluorinated cyclic alkane or alkene preferably is a 4- to 6-membered fluorinated cyclic aJkane or alkene, 
and more preferably a 5-membered fluorinated cyclic alkane or alkene. Preferably, the fluorinated cyclic alkane or 
alkene is substituted with fluorine in an amount of 0.5 to 2.0 (more preferably 1.0 to 2.0, further preferably 1 0 to 1 8 
most preferably 1 .2 to 1 .6) times the number of carbon atoms in the skeleton. Examples of the fluorinated cyclic alkanes' 
include 1 , 1 ,2,2,3-pentaf luorocyclobutane, 1 , 1 ,2,2,3,3-hexafluorocyclopentane, 1 , 1 ,2,2,3,3,4-heptafluorocyclopentane 
1 ,1 ,2,2,3,4,5-heptafluorocyclopentane, 1 ,1 ,2,2,3,3,4,4-octafluorocycloperrtane, 1 ,1 ,2,2,3,3,4,5-octafluorocyclopentane 
and 1 ,1 ,2,2,3,3,4,4,5-nonafiuorocyclohexane. Examples of the fluorinated cyclic alkenes include 1,1 ,2,2,3,4-hexafluor- 
ocyclobutene, 1 , 1 ,2,2,3,3,4,5-octafluorocyclopentene and 1,1, 2,2,3,3,4,4,5, 6-decafluorocyclohexene.' These com- 
pounds are disclosed in Japanese Patent Provisional Publication Nos. 10-316596, 10-316597 10-316598 8-12603 8- 
143487 and 9-95458. 

[0137] Preferred examples of the fluorinated cyclic alkane or alkenes include 1,1,2,2,3,3,4-heptafluorocyclopen- 
tane, 1,1,2,2,3,4,5-heptafluorocyclopentane, 1,1,2,2,3,3,4,4-octafluorocyclopentane and 1, 1 ,2,2,3,3,4,5-octafluorocy- 
clopentane. Particularly preferred is 1 , 1 ,2,2,3,3,4-heptafluorocyclopentane 

[0138] The solvent may consist essentially of a fluorinated cyclic alkane or alkene. Most of the laser light-sensitive 
dyes described in detail hereinbefore can be soluble in the fluorinated cyclic alkane or alkene. However, the solubility is 
not high, and the dissolving rate is not high. Therefore, if the fluorinated cyclic alkane or alkene is employed alone as 
the solvent for a laser light-sensitive dye, the dye solution is preferably prepared by the steps of mixing the organic dye 
and the solvent and keeping the resulting mixture at a temperature of higher than 45°C but lower than a boiling temper- 
ature of the solvent by at least 1 0°C for a period of 5 minutes to 2 hours. 
[0139] The dye-dissolving steps of the above-mentioned procedure is further described. 

[0140] In the first step, a laser light-sensitive dye is added to a solvent containing a fluorinated cyclic alkane or 
alkene so as to prepare a dye-solvent mixture. The mixture of the dye and solvent is preferably prepared by adding the 
dye in the solvent at room temperature (25°C). 

[0141] In the second step, the mixture is kept at a temperature of not lower than 45°C and below the boiling point 
of the solvent by 5°C or more for 5 minutes to 2 hours so as to prepare a dye solution. The mixture is preferably kept at 
a temperature of not lower than 50°C (more preferably not lower than 55°C, further preferably not lower than 60°C) and 
below the boiling point of the solvent by 1 0°C or more (more preferably by 1 5°C or more, further preferably by 20°C or 
more). If the temperature is too high, the dye may deteriorate and the solvent often evaporates too much. The temper- 
ature is preferably kept in the aforementioned range for 1 0 to 90 minutes, more preferably 1 5 to 75 minutes. During this 
period, the dye is dissolved in the solvent enough to prepare a dye solution appropriately employable for the coating. 
[0142] In order to promote dissolution of the dye in the solvent, it is preferred that stirring or vibration should be 
applied to the mixture with a proper means while the mixture is kept at a temperature in the afore-mentioned range. 
Examples of the means for stirring or vibration include a means for ultrasonic wave and a magnetic stirrer. Preferred is 
a means for ultrasonic wave. The dye solution is preferably prepared in a container having a lid to efficiently keep the 
solvent from evaporation. A container equipped with a high pressure proof lid (e.g., a pressure container) is advanta- 
geously used. However, it is generally dangerous and difficult to use a pressure container. In consideration of this, a 
container having a lid provided with a hole for releasing vapor is preferably used. In this case, for reducing the amount 
of released vapor, an upright container is preferably used so that the surface of the dye/solvent mixture in the container 
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may be small. A preferred example of that container Is a container whose upper part has a small cross section When 
the dye/solvent mixture is heated to a high temperature, the dye is liable to deteriorate. Since the dye is further liable to 
deteriorate in the presence of oxygen, the air in contact with the mixture may be made to contain oxygen in as small an 
amount as possible. The amount of oxygen preferably is less than 15%, more preferably less than 10%, further prefer- 
ably less than 5%, most preferably less than 1 %. 

[0143] The dye solution is preferably adjusted to have a concentration in a specific range because the concentra- 
tion affects the coating properties. For example, during the preparation of the dye solution, the amount of evaporated 
solvent is measured, and according to that the solvent is additionally supplemented. The solvent is preferably supple- 
mented in several portions, and the portions are preferably added at a specific temperature. Preferably, they are sup- 
plemented approx. at room temperature (20 to 30°C, more preferably 22 to 28°C). If the amount of evaporated solvent 
is too much, the dye solution is so concentrated that insoluble nuclei of the dye may be produced. The amount of evap- 
orated solvent, therefore, is preferably controlled to be not more than 30%, more preferably not more than 20% further 
preferably not more than 1 0% based on the initial volume. 

[0144] The fluorinated cyclic alkane or alkene is advantageously employed in a combination with an organic liquid 
which has a boiling point higher than that of the fluorinated cyclic alkane or alkene, which is essentially inert to the sub- 
strate, and in which the dye is soluble, in a volume ratio of 99:1 to 51 :49 (alkane or alkenerorganic liquid) The range of 
volume ratio preferably is 95:5 to 70:30, more preferably 90: 1 0 to 80:20. The organic liquid preferably has a boiling point 
of lower than 250°C (preferably lower than 200°C, more preferably lower than 1 80°C) but higher than that of the fluori- 
nated cyclic alkane or alkene by at least 1 0°C (preferably at least 15°C, more preferably at least 20°C). 
[0145] Examples of such high-boiling point solvents include aliphatic ketone, an aliphatic hydrocarbon, an alicyclic 
hydrocarbon, a carboxylic acid ester, an aliphatic ether, and an alcohol. The alcohol preferably is aliphatic alcohol ali- 
cyclic alcohol, aromatic alcohol, fluorinated alcohol, alkoxyalcohol, or ketoalcohol. The high-boiling solvents can be 
employed singly or in combination. 

[0146] Examples of the high-boiling point solvents are described below: an aliphatic ketone having 4 to 1 2 carbon 
atoms (e.g., t-butylmethylketone and disobuty I ketone); an aliphatic hydrocarbon having 5 to 1 0 carbon atoms (e g hex- 
ane, heptane, octane, nanane, and decane); an alicyclic hydrocarbon having 6 to 12 carbon atoms (e.g., cyclohexane 
methylcyclohexane, dimethylcyciohexane, ethylcyclohexane, isopropylcyclohexane, t-butylcyclohexane and cyclooc' 
tane); a carboxylic acid ester having 5 to 10 carbon atoms (e.g., isopropyl acetate, t-butyl acetate, isobutyl propionate 
t-butyl propionate, ethyl pivalate, methyl lactate, ethyl lactate, isopropyl isovalate, and isobutyl isovalate)- an aliphatic 
ether having 6 to 10 carbon atoms (e.g., diisopropyl ether and diisobutyl ether); a saturated aliphatic alcohol having 1 
to 12 carbon atoms (e.g., methyl alcohol, ethyl alcohol, n-propylalcohol, isopropyl alcohol, butyl alcohol isobutyl alco- 
hol, sec-butyl alcohol, t-butyl alcohol, 3-methyl-2-butanol, 2 ethylbutanol, 2-methyl-1 -butanol, pentanol, t-pentyl alcohol 
3-methyM-pentyl-3-ol, 4-methyl-2-pentanol, 2,4-pentanediol, n-hexanol, 2-ethylhexanol, n-heptanol, 2-heptanol 3- 
heptanol, n-octanol, and 2-octanol); an unsaturated aliphatic alcohol having 3 to 6 carbon atoms (e g allyl alcohol 
propargyl alcohol, and 3-methyl-1 -butyn-3-ol); an alicyclic alcohol having 5 to 8 carbon atoms (e.g., cyclopentanol' 
cyclohexanol, 2-methylcyclohexanol, 3-methylcyclohexanol, and 4-methylcyclohexanol); an aromatic alcohol having 7 
to 1 0 carbon atoms (e.g., benzyl alcohol); a ketoalcohol having 3 to 8 carbon atoms (e.g., diacetone alcohol 1 -hydroxy- 

2- propanone, and 3-hydroxy-3-methyl-2-butanone); a monovalent or divalent fluorinated alcohol having 1 to 12 carbon 
atoms (e.g., 2,2-dif!uoro-t-ethanol, 2,2,2-trifluoro-1-ethanol, 1,3-difluoro-2-propanol, 2,2,3,3-tetrafluoro-1-propanol 
1,1,1,3,3,3-hexafluoro-2-propanol, 2,2,3,4,4,4-hexafluoro-1-butanol, 2,2,3,3,4,4,5,5-octafluoro-1-pentanol 3 3-dif- 
luoro-1 r 2-heptanediol, 4-(trifluoromethyl)benzyl alcohol, and 2,6-difluoro-a-methylbenzyl alcohol); an alkoxyalcohol 
having 3 to 12 carbon atoms (e.g., ethylene glycol monomethyl ether (methylcellosolve and methox^ethanol) ethylene 
glycol monoethyl ether (ethylcellosolve and ethoxyethanol), ethylene glycol monoisopropyl ether ethylene glycol 
monobutyl ether (butylcellosolve), ethylene glycol dimethyl ether, ethylene glycol diethyl ether, ethylene glycol dibutyl 
ether, ethylene glycol diglycidyl ether, ethylene glycol dimethyl ether, 1 -ethoxy-2-propanol, 1 -methoxy-2-propanol 2- 
isopropoxy-1 -ethanol, 1 -methoxy-2-butanol, 3-methoxy-1 -butanol, 4~methoxy-1 -butanol, and 2-(2-methoxyethoxy)etha- 

[0147] Preferred high-boiling point solvents are aliphatic ketones (e.g., t-butyl methyl ketone and di-isobutyl 
ketone), aliphatic hydrocarbons (e.g., heptane, octane, and nonane), saturated aliphatic alcohols (e.g., n-propyl alco- 
hol, butyl alcohol, isobutyl alcohol, sec-butyl alcohol, 3-methyl-2-butanol, 2-ethylbutanol, 2-methyI-1 -butanol pentanol 

3- methyl-1-pentyl-3-ol, 4-methyl-2-pentanol), saturated aliphatic alcohols (e.g., propargyl alcohol and 3-methyl-1- 
butyn-3-ol), ketoalcohols (e.g., diacetone alcohol), fluorinated alcohols (e.g., 2,2,3,3-tetrafluoro-1-propanol 
2,2,3,3,4,4,5,5-octafluoro-1 -pentanol; and alkoxyalcohols (e.g., ethylene glycol monoethyl ether, ethylene glycol monoi- 
sopropyl ether, ethylene glycol monobutyl ether, ethylene glycol diglycidyl ether, and ethylene glycol diethyl ether) 
[0146] Most preferred are fluorinated alcohols (e.g., 2,2,3,3-tetrafluoro-1 -propanol) and ketoalcohols (e g acetone 
alcohol). 

[0149] The fluorinated cyclic alkane or alkene is also employable for dissolving the laser-light sensitive dye in com- 
bination with an organic liquid which has a solubility for the dye higher than that of the fluorinated cyclic alkane or al kene 
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and which is active to the substrate, in a volume ratio of 99.9:0.1 to 80:20 (preferably 99.7:0.3 to 88: 1 2 more preferably 
99 5:0.5 to 92:8). The organic liquid preferably is a halogenated aliphatic hydrocarbon, an aromatic hydrocarbon a 
ketone, a sulfoxide, an amide, a carboxyiic acid ester, an ether, or a nftrile. The organic liquids can be employed singly 
or in combination. ' 

[0150] The organic liquid which is employable in a small amount in combination with the fluorinated cyclic alkane 
or alkene is further described below in more detail. 

[0151] Tne halogenated aliphatic hydrocarbon preferably has 1 to 6 carbon atoms. The halogen atom may be chlo- 
rine atom and bromine atom. Examples of the halogenated aliphatic hydrocarbons include dichloromethane, dichlo- 

T0 T??^ hloroetbane ' tetrachloroethane, 1 ,2,3-trichloropropane, 1 ,2-dibromopropane, 1 -bromo-3-chloropropane, 
and 1,4-dichlorobutane. 

[0152] The aromatic hydrocarbon preferably has a benzene nucleus and has 6 to 10 carbon atoms. Examples of 
the aromatic hydrocarbons include bromobenzene, dichlorobenzene. 1 -bromo-4-fluorobenzene, toluene, 2^hloro-6- 
fluorotoluene, o-xylene, m-xylene, and 1 ,2,4-trimethylbenzene. 

[0153] The ketone preferably has 2 to 10 carbon atoms and man be in the cyclic form. Examples of the ketones 

include acetone, 2.4-pentanedione, 3-heptanone, 4-heptanone, 2,6-dimethyl-4-heptanone, diisopropyl ketone 2-meth- 

ylbutyl ethylketone, cyclohexanone, 2-methylcyclohexanone, 3-methylcyclohexanone, and 4-methylcyclohexanone 

[0154] The sulfoxide preferably has 2 to 10 carbon atoms, and preferably is dimethylsulfoxide 

- 01 , 5 ! 1 m ^ ""J* P referab| y has 1 to 10 carbon atoms, and may be in the cyclic form. Examples of the amides 

include N.N-d.methylformamide, N.N-dimethylacetamide, N.N-diethyrformamide. N,N-dimethylpropionamide and 1- 

methyl-2-pyrrolidone. 

[0156] The carboxyiic acid ester preferably has 3 to 10 carbon atoms. Examples of the carboxyiic acid esters 
include methyl acetate, ethyl acetate, ethyl trichloroacetate. n-butyl acetate, isobutyl acetate, sec-butyl acetate t-butyl 
acetate, amyl acetate, ethyl 3-chloropropionate, n-propyl propionate, n-butyl propionate, n-propyl butyrate methyl iso- 
butyrate, ethyl .sobutyrate, n-propyl isobutyrate, methyl pivalate, ethyl glycolate, ethyl pyruvate, and t-butyl acetacetate 
[0157] The ether preferably has 2 to 1 0 carbon atoms, and may be in the cyclic form. Examples of the ethers include 
t-butoxy-2-ethoxy ether, butyl ether, propylene glycol methyl ether acetate, dioxane, anisole, 2,5-dimethoxy-2 5-dihydro- 
furan, 2,5-dimethoxycetrahydrofuran. 2-(bromomethyl)-tetrahydro-2H-pyrane, and 2^hloromethyl-1,3-dioxorane Diox- 
ane is preferred. 

[0158] The nitrile preferably has 1 to 6 carbon atoms. Examples of the nrtriles include 3-bromopropionitrile 3-ethox- 
ypropylnitnle, and dimethylcarbamate nitrile (dimethylcyanamide). 

[0159] Examples of the preferred organic liquids include aliphatic halogenated hydrocarbons (particularly, dichlo- 
romethane, d.chloroethane, and tetrachloroethane), aromatic hydrocarbons (particularly, toluene, o-xylene 'and m- 
xylene), ketones (particularly, acetone and cyclohexanone), carboxyiic acid esters (particularly, methyl acetate ethyl 
acetate, and butyl acetate), and ethers (particularly dioxane). 

[0160] Tbe fluorinated cyclic alkane or alkene can be employed in combination with a fluorinated alcohol in a vol- 
ume ratio of 50:50 to 1 :99. In this case, the fluorinated cyclic alkane or alkene serves not only to dissolve the laser light- 
sensitive dye but also to accelerate evaporation of the fluorinated alcohol, so as to shorten the period for drying the 
coated dye solution. Examples of the fluorinated alcohols are those mentioned hereinbefore. 

[01 61 ] In the case that the fluorinated cyclic alkane or alkene is employed in combination wrth other solvents for the 
preparation of the dye solution, rt is preferred that the dye solution is prepared by beforehand adding the dye to the fluor- 
inated cyclic alkane or alkene to prepare a mixture, heating the mixture to dissolve the dye, and then adding other sol- 
vents to the mixture. Otherwise, the dye solution can be prepared by beforehand mixing the fluorinated cyclic alkane or 
alkene and other solvents to prepare a mixed solvent, adding the dye to the mixed solvent, and heating the mixture to 
dissolve the dye. 

[0162] The dye solution may further contain auxiliary additives such as oxidation inhibitors, UV absorbers plasticiz- 
ers, and lubricants. ' 

[0163] In the preparation of the dye solution, an anti-fading agent and, if needed, a binder can be incorporated 
Examples of the anti-fading agents include nitroso compounds, metal complexes, diimmmonium salts and aminium 
salts. These examples are described, for example, in Japanese Patent Provisional Publications No 2-300288 No 3- 
224793 and No. 4-1 461 89. If the anti-fading agent is used, its amount is in the range of usually 0 1 to 50 wt % ' prefer- 
abV 0.5 to 45 wt.%, further preferably 3 to 40 wt.%, particularly preferably 5 to 25 wt.% base on the amount of the dye 
[0164] Examples of the binders include natural-origin polymers such as gelatin, cellulose derivatives, dextran rosin 
and rubber; hydrocarbon polymer resins such as polyethylene, polypropylene, polystyrene and polyisobutyrene' vinyl 
polymers such as polyvinyl chloride, polyvinylidene chloride and vinyl chloride-vinyl acetate copolymer- acrylate poly- 
mers such as polymethyl acrylate and polymethyl methacrylate; polyvinyl alcohol; chlorinated polyethylene; epoxy res- 
ins; butyral resins; rubber derivatives; and thermosetting resins such as prepolymers of phenol-formaldehyde The 
binder .s optionally employed so that the amount of the binder may be not more than 20 weight parts, preferably not 
more than 1 0 weight parts, further preferably not more than 5 weight parts based on 1 00 weight parts of the dye 
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[0165] The thus-prepared coating liquid contains the dye in a concentration of generally 0.01 to 1 0 wt.% preferably 
0.1to5wL%. »r / 

[0166] The dye solution is then coated on the substrate disc. 

[0167] The dye solution is coated on the substrate disc, while the temperature of the liquid preferably is not higher 
than 40°C, more preferably not higher than 35°C, further preferably 25 to 30°C. The coating can be performed by the 
known methods such as spray coat, spin coat, dip coat, roll coat, blade coat, doctor roller coat and screen print Spin 
coat is preferred. The recording dye layer can be a single layer or can comprise plural layers. The thickness of the 
recording dye layer (after drying) generally is in the range of 20 to 500 nm, preferably 50 to 300 nm 
[0168] On the recording dye layer, the light-reflecting layer is generally placed so as to enhance the light-reflection 
in the course of reproduction of the recorded information. The light-reflecting material to be used for the formation of the 
light-reflecting layer should show a high reflection to the laser light. Examples of the light-reflecting materials include 
metals and sub-metals such as Mg, Se, Y, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, Co, Ni, Ru, Rh Pd Ir Pt Cu Ag 
Au, Zn, Cd, Al, Ga, In, Si, Ge, Te, Pb, Po, Sn and Bi. Stainless steel film is also employable. These materials can be 
employed singly, in combination or in the form of alloy. 

[0169] Preferred are Cr, Ni, Pt, Cu, Ag, Au, Al and stainless steel. Au metal, Ag metal, and their alloys are particu- 
larly preferred. Preferred alloys of Au or Ag are alloys with at least one metal selected from the group consisting of Pt 
Cu and Al. Most preferred is Ag metal or an alloy of Ag. The light-reflecting layer can be formed on the recording dye 
layer, for example, by vacuum deposition, sputtering or ion-plating. The thickness of the light-reflecting layer generally 
is 1 0 to 800 nm, preferably 20 to 500 nm, further preferably 50 to 300 nm. 

[0170] On the light-reflecting layer, a protective layer is generally provided so as to protect the recording dye layer 
and the light-reflecting layer from chemical deterioration or physical damage. The protective layer can be made of inor- 
ganic materials such as SiO, S»0 2f MgF 2 , Sn0 2 , Si 3 N 4 ; or organic materials such as thermo plastic resins thermo-set- 
ting resins and UV curable resins. On the light-reflecting layer and/or the substrate, the protective layer can be formed 
by laminating a film of plastic material using an adhesive. Otherwise, it can be also formed by vacuum deposition sput- 
tering or coating. The organic material protective layer can be formed by the steps of dissolving the polymer material to 
prepare a polymer solution, coating the polymer solution to form a layer, and then tying the formed layer to give the pro- 
tective layer. In the case of a UV curable resin, neat resinous material having no solvent or a solution of the resin may 
be applied and then cured by applying ultraviolet rays to the formed layer. The polymer solution for protective layer can 
optionally contain various additives such as anti-static agents, oxidation inhibitors and UV absorbers Besides on the 
light-reflecting layer, another protective layer can be also placed on the face not having the recording dye layer so as to 
enhance the scratch resistance and the moisture resistance of the medium. The thickness of the protective layer is Gen- 
erally in the range of 0.1 to 1 00 um. 

[0171] The recording/reproducing procedures with an optical disc of CD-R type are carried out, for example in the 
following manner. ' 

[0172] Using an optical disc of CD-R type, the information recording/reproducing can be carried out not only at a 
normal line rate (1 .2 to 1 .4 m/sec.) but also at a twofold line rate, a fourfold line rate and a sixfold or more line rate 
[0173] The optical disc is made to rotate at a predetermined line rate (1 .2 to 1 .4 m/sec., in the case of CD format) 
or a predetermined angular rate. On the rotating disc, a recording light source such as a semiconductor laser beam is 
applied through the transparent substrate. By the application of the laser beam, irradiated area of the recording layer is 
locally heated to change the physical or chemical characteristics, and thus pits are formed in the recording layer to 
record the information. The light source preferably is a semiconductor laser having an oscillation frequency in the range 
of 500 to 850 nm. The preferred beam wavelength is in the range of 500 to 800 nm. In the case of the optical disc of 
CD-R type, the laser beam preferably has a wavelength of 770 to 790 nm. The reproduction of the recorded information 
can be accomplished by applying a semiconductor laser beam on the optical disc rotating at a predetermined line rate. 
The light-reflection is then detected from the transparent substrate side. 

[0174] The preparation of optical information recording medium of the invention is described above with respect to 
an optical disc of CD-R type, as an example. However, the invention can be also used for an optical disc of DVD-R type 
[0175] The present invention is further described by the following examples. 

[Example 1 ] 

[0176] A container having a lid provided with a hole for releasing the vapor was prepared. The upper part of the con- 
tainer had a small cross section. In this container, a dye solution for recording layer was prepared in the following man- 
ner. 
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15 

(1) Preparation of dye solution 



[0177] Into the container, 1.5 g of an indolenine type cyanine dye shown above and 100 mL of 1 1 2 2 3 3 4-hep- 
tafluorocyclopentane [Zeorola H (trade name), available from Nippon Zeon Co. Ltd., boiling point 82V°C] were intro- 
20 duced at room temperature (25°C). The mixture was then heated for 1 0 minutes to 60°C. While the temperature was 
kept at 60°C, ultrasonic waves were applied for 1 hour to dissolve the dye. Thus, the dye solution for recording layer was 
prepared. 

[0178] The dye solution was cooled to 25°C, and applied by spin-coat on the surface (on which pregroove was 
formed) of a polycarbonate substrate disc (outer diameter: 120 mm, inner diameter: 15 mm, thickness- 1 2 mm) and 
25 then dried to give a recording dye layer (thickness at the pregroove: approx. 1 80 nm). The pregroove was beforehand 
formed spirally on the substrate (track pitch: 1 .6 u/n f pregroove width: 500 nm, depth at pregroove: 1 75 nm) by injection 
molding. ■ 1 3 

[0179] On thus-formed dye layer, a light-reflecting layer made of Ag (thickness: about 150 nm) was provided by 
sputtering with DC magnetron sputtering apparatus. On thus-formed light-reflecting metal layer, a UV curable photopol- 
30 ymer (Daicureclear SD-31 8 [trade name], available from Dainippon Ink & Chemicals, Inc.) was further applied by spin- 
coat, and then irrad.ated with ultraviolet rays of a metal halide lamp to be cured to form a resin protective layer of about 
8 u,m thickness. 

[0180] Thus, an optical disc of CD-R type (hereinafter simply referred to as "CD-R-) comprising a substrate a 
recording dye layer, a light-reflecting metal layer and a resin protective layer overlaid in order was produced accordina 
35 to the present invention. 6 



[Examples 2 to 10] 

[0181] The procedure for the preparation of dye solution described in Example 1 was repeated except for replacing 
the dye with one of the cyanine or oxonol dyes set forth in Table 2, to prepare an optical disc. 



Table 2 



Example No. 


Dye (Dye No.) 


Amount 


Example 2 


Cyanine dye (\-43) 


1.5 g 


Example 3 


Cyanine dye (1-17) 


1-5 g 


Example 4 


Cyanine dye (I -62) 


0.9 g 




Cyanine dye (1-17) 


0.4 g 




Cyanine dye (1-11) 


0.2 g 


Example 5 


Cyanine dye (1-12) 


1.5 g 


Example 6 


Cyanine dye (1-101) 


1.5 g 


Example 7 


Cyanine dye (1-104) 


1-5 g 


Example 8 


Cyanine dye (1-123) 


1-5 g 
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Table 2 (continued) 



Example No. 


Dye (Dye No.) 


Amount 


Example 9 
Example 10 


Cyaninedye (1-124) 
Oxonol dye (1 in Table 1) 


1.5 g 
1.5 g 



[Evaluation of Optical Disc] 

w [0182] Onto the optical disc of Example 1 , EFM signals were recorded with a laser beam of 780 nm through a NA 
0.5 pick-up (line rate: 4.8 m/sec.) by means of OTM-2000 ([trade name], available from Pulstech) at the optimum power 
while the power varies in the range of 3 to 1 0 mW. The recorded signals were then reproduced with a laser beam of 780 
nm through a NA0.45 pick-up (line rate: 1 .2 m/sec.) by means of CD-CATS (trade name, available from Audio Develop- 
ment) at the laser power of 0.5 mW, and thereby 1 1 T land jitter (Jitter between pits) at the position 40 mm from the center 

15 position was measured by means of TIA (available from Hewlett Packard). A small jitter value indicates that the 
recorded signals are uniform. 
[0183] The results are shown in Table 3. 



20 



Table 3 





11T land jitter (ns) 


Example 1 


31 



25 [Examples 11 to 14] 

[0184] The procedure for the preparation of dye solution described in Example 1 was repeated except for replacing 
the solvent with a combination of 1 , 1 ,2,2,3,3,4-heptafluorocyclopentane (HFCP) and dichloromethane (DCM for Exam- 
ples 1 1 to 13) in the ratio set forth in Table 4, or dichloroethane (DCE, for Example 14) in the ratio set forth in Table 4 
30 to prepare an optical disc. 

[Evaluation of Optical Disc] 

[0185] The optical discs of Examples 1 1 to 14 were evaluated in the aforementioned manner with respect to 1 1T 
35 land jitter flitter between pits) at the positions 40 mm and 57 mm from the center position. 
[0186] The results are shown in Table 4. 



Table 4 



45 



SO 



Example 


Solvent mixture (vol. 
ratio) 


11Tland litter (ns) 






40 mm 


57 mm 


Ex. 1 1 


HFCP/DCM (99/1) 


31 


33 


Ex. 12 


HFCP/DCM (98/2) 


31 


33 


Ex. 13 


HFCP/DCM (95/5) 


33 


34 


Ex. 14 


HFCP/DCE (95/5) 


32 


33 



[Examples 15 and 16] 

[0187] The procedure for the preparation of dye solution described in Example 1 was repeated except for replacing 
the solvent with a combination of 1 ,1 ,2,2,3,3,4-heptafluorocyciopentane (HFCP) and 2,2,3,3-tetrafluoroalcohol (TFR for 
55 Example 1 5) in the ratio set forth in Table 5, or diacetone alcohol (DAA, for Example 1 6) in the ratio set forth in Table 5 
to prepare an optical disc. 
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[Comparison Example 1] 

f!e solvent with IV" "TTf " °' ^ S0 ' Uti ° n "^P' 6 1 W3S re P eated ***** replacing 

the solvent with 2,2,3,3-tetrafluoroalcohol, to prepare an optical disc 

5 

[Evaluation of Optical Dies] 

[0189] The optical discs of Examples 1 5 and 1 6 as well as Comparison Example 1 were evaluated in the aforemen- 

ro Poswon! 1 """ ^ t0 1 1T ' and jrtter 0itter betW6en Pte) 9t the P ° Sitions 40 mm and 57 ™ I"" 2 « 
[0190] The results are shown in Table 5. 



Table 5 



15 



20 



Example 


Solvent mixture (vol. 
ratio) 


11Tland litter (ns) 






40 mm 


57 mm 


I Ex. 15 


HFCP/TFP (90/10) 


30 


31 


Ex. 16 


HFCP/DAA (95/5) 


31 


32 


Com. 1 


TFP (100) 


36 


41 



30 



25 [Examples 17 to 21] 

E!H J^l Pr0Cet l" re Preparati0n of so,ution described jn Sample 1 was repeated except for replacing 
the solvent with a combination of 2,2,3,3-tetrafluoroalcohol (TFP) and 1,1,2,2,3,3,4-heptafluorocyclopenLe (HFCP) in 
the ratio set forth in Table 6 in the ratio set forth in Table 5, to prepare an optical disc. 
[0192] In the preparation, the time required for drying the coated dye solution was measured. 

[Comparison Example 2] 

E!^^^^^* 8 Preparati ° n ° f dye so,ution described in E * a ™P'* 1 "as seated except for replacing 
the solvent with 2,2,3,3-tetrafluoroalcohol, to prepare an optical disc. 

[0194] In the preparation, the time required for drying the coated dye solution was measured. 
[Evaluation of Optical Dies] 

[0195] The optical discs of Examples 1 7 and 21 as well as Comparison Example 2 were evaluated in the aforemen- 
tioned manner with respect to 11T land iitter fiitter beiw^Pn ntei 



[0196] 



' land i' itter Q mer between pits) at the positions 40 mm from the center position 
The results are shown in Table 6. H 
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Table 6 



Example 


Solvent (TFP/HFCP) 
(vol. ratio) 


Time for Dryness(sec.) 


11T land jrtter (ns) 








40 mm 


Ex. 17 


95/5 


13 


32 


Ex. 18 


85/15 


11 


32 


Ex. 19 


75/25 


10 


31 


Ex. 20 


65/35 


9 


32 


Ex. 21 


55/45 


8 


34 


Com. 2 


TFP(100) 


16 


- * 
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1- A process for the preparation of an optical information recording disc comprising the steps of coating a dye solution 
on a transparent substrate disc and drying the coated dye solution, in which the dye solution is a solution of a laser- 
light sensitive organic dye dissolved in an organic solvent comprising a fluorinated cyclic alkane or alkene. 

2. The process of claim 1 , wherein the fluorinated cyclic alkane or alkene has fluorine atoms of a number of 0.5 to 2.0 
times based on the number of carbon atoms constituting its skeleton. 

3. The process of claim 1 , wherein the fluorinated cyclic alkane or alkene is 1 ,1 ,2,2,3,3,4-heptafluorocyclopentane. 

4. The process of claim 1 , wherein the dye solution is prepared by the steps of mixing the organic dye and the solvent 
and keeping the resulting mixture at a temperature of higher than 45°C but lower than a boiling temperature of the 
solvent by at least 1 0°C for a period of 5 minutes to 2 hours. 

5. The process of claim 1 , wherein the solvent comprises the fluorinated cyclic alkane or alkene and an organic liquid 
which has a boiling point higher than that of the fluorinated cyclic alkane or alkene, which is essentially inert to the 
substrate, and in which the dye is soluble, in a volume ratio of 99:1 to 51:49. 

6. The process of claim 5, wherein the organic liquid has a boiling point of lower than 250°C but higher than that of 
the fluorinated cyclic alkane or alkene by at least 1 0°C. 

7. The process of claim 5, wherein the organic liquid is selected from the group consisting of an aliphatic ketone, an 
aliphatic hydrocarbon, an alicyclic hydrocarbon, a carboxylic acid ester, an aliphatic ether, and an alcohol. 

8. The process of claim 5, wherein the organic liquid is a fluorinated alcohol having one of the formulas of CF^CH-OH 
HCF 2 CF 2 CH 2 OH, H(CF 2 CF 2 ) 2 CH 2 OH, and H(CF 2 CF 2 ) 3 CH 2 OH. 

9. The process of claim 5, wherein the organic liquid is a ketoalcohol. 

10. The process of claim 9, wherein the ketoalcohol is diacetone alcohol. 

11- The process of claim 1, wherein the organic solvent comprises the fluorinated cyclic alkane or alkene and an 
organic liquid which has a solubility for the dye higher than that of the fluorinated cyclic alkane or alkene and which 
is active to the substrate, in a volume ratio of 99.9:0.1 to 80:20. 

1 2. The process of claim 1 1 , wherein the organic liquid is selected from the group consisting of a halogenated aliphatic 
hydrocarbon, an aromatic hydrocarbon, a ketone, a sulfoxide, an amide, a carboxylic acid ester an ether and a 
nitrile. 

13. The process of claim 1 1 , wherein the organic liquid is a halogenated aliphatic hydrocarbon selected from the group 
consisting of dichloromethane, dichloroethane, and tetrachloroethane. 

14. The process of claim 1 1 , wherein the organic liquid is acetone. 

15. The process of claim 1, wherein the solvent comprises the fluorinated cyclic alkane or alkene and a fluorinated 
alcohol in a volume ratio of 50:50 to 1 :99. 

16. The process of claim 15, wherein the fluorinated alcohol is 2,2,3,3-tetrafluoro-1-propanol. 

17. The process of claim 1 , wherein the organic dye is a cyanine dye having the following formula: 
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--Z 1 

R1-N=^CH^H^^1=L2^L3^L4-L5^_(CH=3CH^-N^R2 

(M1)ml 

wherein each of Z 1 and Z 2 independently is an atomic group required for forming a 5- or 6-membered nitrogen^con- 
tainmg heterocyclic ring; each of R 1 and R 2 independently is an alkyl group; each of L 1 , L 2 , L 3 L 4 and L 5 independ- 
ently is a methine group which may have one or more substituents; each of nl and n2 independently is 0 1 or 2- 
each of p and q independently is 0 or 1 ; M1 is a charge-neutralizing counter ion; and ml is a number of 0 or more 
is which corresponds to an electron charge number required for neutralizing the cyanine dye. 

18. The process of claim 1 7, wherein the cyanine dye has one of the following formulas: 



20 




R9 

H=CH-C=CH-CH=< |( Z* 




i 



1/m2 {MZ**') 



30 




1/m2(M2m2-) 
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wherein each of Z and Z 4 independently is an atomic group required for forming a benzene or naphthalene ring 
which may have one or more substituents; each of R 3 , R 4 , R 5 , R 6 , R 7 and R 8 independently is an alkyl group having 
1 to 8 carbon atoms; R*> is a hydrogen atom, an alkyl group having 1 to 8 carbon atoms, an aralkyl group having 7 
to 10 carbon atoms, an aryl group having 6 to 1 0 carbon atoms, an alkoxy group having 1 to 8 carbon atoms a het- 
erocycHc ring, a halogen atom, or a carbamoyl group having 1 to 8 carbon atoms; and M2 m2 " is an anion, in which 

19. The process of claim 1 , wherein the organic dye is a metal complex of an azo dye having the following formula: 
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wherein M is a metal atom; X is an oxygen atom, a sulfur atom, or =NR 11 in which R 11 represents a hydrogen atom, 
an alkyl group, an aryi group, an acyl group, an alkylsulfonyl group, or an arylsulfonyl group; Z 11 is an atomic group 
20 required for forming a 5- or 6-membered nitrogen-containing heterocyclic ring; and Z 12 is an atomic group required 
for forming an aromatic ring or a heterocyclic aromatic ring. 

20. The process of claim 19, wherein the metal complex of an azo dye has the following formula: 
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wherein M is a metal atom selected from the group consisting of iron, cobalt, nickel, copper, zinc, palladium, plati- 
num, and gold; Y is an oxygen atom, a sulfur atom or a group of =NR 12 ; each of R 12 , R 13 and R 14 independently 
is an alkyl group having 1 to 12 carbon atoms which may have one or more substituents, in which R 13 and R 14 may 
be connected to form a ring; R 15 is an alkyl group having 1 to 12 carbon atoms which may have one or more sub- 
stituents, a phenyl or naphthyl group which may have one or more substituent groups; each of R 16 and R 17 inde- 
pendently is a hydrogen atom, a halogen atom, an alkyl group, an aryl group, a cyano group, an acyl group, an 
alkylsulfonyl group, or an arylsulfonyl group; and each of R 18 , R 19 and R 20 independently is a hydrogen atom', an 
alkyl group, an aryl group, a hydroxyl group, an alkoxy group, an aryloxy group, an amino group, a carboxylic amide 
group, a sulfonamide group, a cyano group, a halogen atom, an acyl group, an alkylsulfonyl group, or an arylsulfonyl 
group. 

. The process of claim 1 , wherein the organic dye is an oxonol dye having one of the following formulas: 
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wherein each of A 21 , A 22 , B 21 and B 22 independently is a substituent group; each of Y 21 and Z 21 independently is 
an atomic group required for forming a carbocyclic or heterocyclic ring; each of E and G independently is an atomic 
group required for forming a conjugated double bond chain; X 21 is =0, =NR 21 , or =C(CN) 2 ; X 22 is -O, -NR 21 , or - 
C(CN) 2 , in which R 21 is a substituent group; each of L 21 , L 22 L 23 , L 24 and L 25 independently is a methine group 
which may have one or more substituents; V k * is a cation; each of n3 and n4 independently is 0, 1 or 2; each of x 
and y independently is 0 or 1 ; and k is an integer of 1 to 1 0. 

22. The process of claim 21 , wherein the oxonol dye has the following formula: 
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wherein each of R 51 , R 52 R 53 and R 54 independently is a hydrogen atom, an alkyl group, an aryl group, an aralkyl 
group, or a heterocyclic group, each group possibly hay-ing one or more substituents; each of L 31 , L 32 and L 33 is 
a methine group which may have one or more substituents; n5 is 0, 1 , 2, or 3; and V* + is a cation in which k is an 
integer of 1 to 10. 

23. An optical information recording disc comprising a transparent substrate disc and a recording dye layer provided 
on the substrate disc, in which the recording dye layer is produced by coating on the substrate disc a dye solution 
of a laser-light sensitive organic dye dissolved in an organic solvent comprising a fluorinated cyclic alkane or alkene 
and drying the coated dye solution. 

24. A dye solution which comprises a laser-light sensitive organic dye dissolved in an organic solvent comprising a 
fluorinated cyclic alkane or alkene. 



25. The dye solution of claim 24, wherein the fluorinated cyclic alkane or alkene has fluorine atoms of a number of 0.5 
to 2.0 times based on the number of carbon atoms constituting its skeleton. 

26. The dye solution of claim 24, wherein the fluorinated cyclic alkane or alkene is 1 ,1 ,2,2,3,3,4-heptafluorocyclopen- 
tane. 
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27. The dye solution of claim 24, which is prepared by the steps of mixing the organic dye and the solvent and keeping 
the resulting mixture at a temperature of higher than 45°C but lower than a boiling temperature of the solvent by at 
least 1 0°C for a period of 5 minutes to 2 hours. 

28. The dye solution of claim 24, wherein the solvent comprises the fluorinated cyclic alkane or alkene and an organic 
liquid which has a boiling point higher than that of the fluorinated cyclic alkane or alkene, which is essentially inert 
to the substrate, and in which the dye is soluble, in a volume ratio of 99:1 to 51 :49. 

29. The dye solution of claim 24, wherein the organic liquid is a fluorinated alcohol having one of the formulas of 
CF 3 CH 2 OH, HCF 2 CF 2 CH 2 OH, H(CF 2 CF 2 ) 2 CH 2 OH, and H(CF 2 CF 2 ) 3 CH 2 OH. 

30. The dye solution of claim 24, wherein the organic solvent comprises the fluorinated cyclic alkane or alkene and an 
organic liquid which has a solubility for the dye higher than that of the fluorinated cyclic alkane or alkene and which 
is active to the substrate, in a volume ratio of 99.9:0.1 to 80:20. 

31. The dye solution of claim 24, wherein the solvent comprises the fluorinated cyclic alkane or alkene and a fluori- 
nated alcohol in a volume ratio of 50:50 to 1 :99. 
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